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Cheng 1992, 1994a, 1996, 1999 has proposed calculating mutual
intelligibility of Chinese dialects in terms of the characteristics of
sound correspondence patterns based among cognates. Patterns are
classified into three categories according to the properties of the pho-
nemes in a pattern, whether they are identical or not and whether the
perceived phoneme occurs in other cognate words in the listener's
dialect. However, within each category, patterns are given the same
weight regardless of the perceptual distance between the two pho-
nemes in a pattern. An experiment in which Cantonese speakers
judged the similarity and difference of two sounds in Cantonese and
Southern Min was carried out to determine the perceptual distance
between two initial consonants. The experimental results show that the
sound system of a listener's native dialect influences judgment of the
distance between stimuli. Use of the perceived phoneme in other cog-
nate word correlates only weakly with the perceptual distance judged
by subjects. Calculation of the perceptual distance between two initial
consonants was accomplished by multiple regression analysis. The
weight assignment for patterns is therefore examined and discussed in
light of the results of the present experiment.
1. Purpose
Cheng 1992, 1994a, 1996, 1999 proposed a way to quantify phonological
aspects of mutual intelligibility of Chinese dialects, in terms of sound correspon-
dence patterns that stem from cognate pairs of words. When a word in one dialect
is also present in a second dialect, the two words can be paired and considered
cognate words. These cognate words can be pronounced with the same or differ-
ent phonemes in the two dialects. Two phonemes occurring in the same word
position in a pair of cognate words can be called cognate pairs (of phonemes).
When a bidialectal speaker recognizes that two sounds form a cognate pair.
Cheng proposes that the speaker has become aware of a 'correspondence pattern'
between the two dialects. Mutual intelligibility becomes an issue when a speaker
of one dialect tries to communicate with a speaker of another. When two pho-
nemes in a cognate pair resemble one another, communication should be facili-
tated, because each speaker can interpret words pronounced in the second (unfa-
miliar) dialect in terms of words already known from the native dialect.
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Another factor that may influence the success of communication is the fre-
quency with which a correspondence pattern occurs in the two dialects. When a
speaker of one dialect tries to interpret another dialect (i.e., acts as a listener), he
or she is more likely to be aware of highly frequent correspondence patterns.
Highly frequent patterns would occur in many words in the two dialects and the
listener wound thus gain much exposure to these correspondence patterns and
acquire the patterns quickly. Cheng calls these frequent patterns 'signal patterns,'
because they enhance communication. In contrast, listeners would have little ex-
perience with correspondence patterns with low frequency (i.e., occur in few
words in the two dialects.) These patterns would be easy to miss in the continuos
flow of conversation and thus would act like 'noise'.
Cheng & Kuo 1999 examined how Cantonese-speaking subjects begin to
formulate correspondence patterns when given some exposure to cognate words
in Southern Min and Cantonese. In the quantified model of mutual intelligibility
originally proposed by Cheng, correspondence patterns are first designated as
signals or noises and then further divided into three categories as given in (1) and
(2) below. Categories and their respective pairs are ordered from most to least
intelligible. A speaker's native dialect is considered the 'source dialect' and
whereas a new dialect he or she is trying to interpret is considered the 'target
dialect.' Categories were quantified by assigning the weighted values in (2). Sig-
nals and noises are assigned weighted values in a similar manner, except that sig-
nals are given positive weights and noises are given negative ones.
(1) Pairs with same phonemes > Pairs with different phonemes, when a
corresponding target phoneme does not occur in the source dialect
> Pairs with different phonemes, when the target phonemes occur
elsewhere in the source dialect
(2) Signal Noise
For each item in a pattern, the target-dialect:
a. element is the same as that of the source dialect 1.00 -0.25
b. element is different from that of the source dialect
i. and does not occur in the source dialect 0.50 -0.50
ii. and occurs elsewhere in the source dialect 0.25 -1.00
(Cheng 1996, 1997)
Three problems hidden here concern the criterion used to separate the second
category, (b i) and the third category, (b ii), reduced weighting from one category
to the next one; and the assignment of the patterns within each group. In the for-
mulation experiment, we only encountered one pattern, /th-tsh/, that contained a
target sound, /tsh/, which was different from the corresponding sound in the sour-
ce dialect and did not occur in the source dialect. This pattern belongs to the sec-
ond category (b i) and is expected to cause less confusion and obtain a higher
percent correct score in the formulation of patterns than patterns in the third cate-
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gory (b ii). Nevertheless, our results showed that the percent correct score for /th-
ts
h/ was not significantly higher than patterns in the third category. In fact, percent
correct for /th -tsh/ falls in the range of the third category, from 0% to 46%. This
might imply that the perceptual distance between two sounds in a pair is more
important than whether or not the corresponding sound occurs in the source dia-
lect. We should be cautious about drawing conclusions from the results of one
pattern, however. Further investigation of the distance between cognate pairs is
warranted.
The second problem is that the weighting currently assigned to the three
categories is only a temporary solution. Reducing the value by half in adjacent
categories, as seen in (2), was done only to ensure that successive categories re-
ceived less weight. To the authors' knowledge, research is lacking at the moment
for empirically determining the value of such weights.
The third problem concerns patterns grouped into the same category. Such
patterns may not enhance communication equally, but they are temporarily treat-
ed as equivalent in Cheng's model. Some of the pairs might be perceptually closer
to each other than others. According to the results of a previous experiment pre-
sented in Cheng & Kuo 1999, subjects formulate noise patterns within a category
quite differently, even though they might fall within a single category by Cheng's
definition. Fourteen Cantonese-speaking subjects were asked to listen to words
from Southern Min. They were given seven Chinese characters in a speech iden-
tification task. One character correctly represented a 'target' word. The other six
characters represented Cantonese words that were selected to be perceptually
close to the Southern Min 'target.' Subjects were asked to identify from the un-
familiar Southern Min dialect which word they have heard. Interestingly, the per-
cent correct score within a single noise category, from correspondence patterns
where the two phonemes differed, ranged from as little as 0% to as high as 46%.
Consequently, it is essential to look into these discrepancies carefully. One of the
possibilities to account for this is the different perceptual distance between pairs
of sounds. The different distances between pairs of sounds were found to affect
the perception of sounds under different degrees of masking noise (Wang & Bil-
ger, 1973). We believe that different distance between sounds will also influence
cross-dialectal perception when the dialect, which is different from the speaker's
dialect, functions similarly to a masking noise. This is the main reason for us to
investigate cross-dialectal perception, as presented in this paper. We will concen-
trate on a cross-dialectal test for perception of initial consonants between South-
ern Min and Cantonese.
2. Design of the experiment
2.1 Subjects
Two males served as speakers, for recording the perceptual stimuli. These
two speakers were chosen from among faculty and graduate students at the Uni-
versity of Illinois, Urbana-Champaign to represent speakers of Southern Min
dialect spoken in Taiwan and Cantonese dialect spoken in Hong Kong. Another
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twenty people, six males and twelve females, served as listeners, for determining
cross-dialectal perceptual distance of phonemes. They were selected from Uni-
versity of Illinois students who were originally from Hong Kong. They were re-
quired to be speakers of Cantonese (the source dialect), who reported having little
or no knowledge of Southern Min (the target dialect).
2.2 Stimuli
Cantonese has 17 initial consonants, /p, t, k, m, n, n, p
11
,
t
h
,
kh
, tf, tf\ f , /, h,
1
, j , w/, and some words without initial consonants, which will be marked with 0.
On the other hand, Southern Min has 16 initial consonants, /p, t, k, b, g, m, n, n,
p
h
,
t
h
,
kh
,
ts, ts
h
,
s, h, 1 / and some words without initial consonants. Matching the
initial consonants of the two dialects in pairs, we create 306 potential pairs
(=18*17) including the possibility of matching words with non-initial consonants.
Nonetheless, many of the 306 pairs will not occur in cognate words in actual
conversation between Cantonese and Southern Min. When correspondence pat-
terns are obtained by inputting data from Hanyu Fangyin Zihui 1962, 1989 to the
computer software program, we get 114 correspondence pairs or patterns. The
remaining 192 pairs do not appear to have any function in conversation between a
speaker of Cantonese dialect and a speaker of Southern Min, if speakers try to
communicate based on cognate words. Including the 192 pairs in the experiment
might help us to understand the mutual intelligibility of other dialects if two pho-
nemes occur as a correspondence pair between other dialects. Phonotactic prop-
erties differ from dialect to dialect, however. Consequently, we may not be able to
generalize results convincingly and successfully from the 192 pairs to the mutual
intelligibility of other dialects. Therefore, only the perceptual distance of the 114
correspondence pairs will be examined in the present experiment.
Thirteen pairs out of the original 114 pairs of initial consonants are pre-
sented as examples in Table (3). The first column lists corresponding pairs be-
tween Cantonese and Southern Min. Since we take Cantonese as the source dia-
lect and Southern Min as the target dialect, the sounds are paired by Cantonese
first and then Southern Min. The second and the third columns give the sound in
phonetic transcription and the character used for each pair in Cantonese and
Southern Min, respectively. Great effort was taken to form minimal pairs by con-
trolling for vowels and tones (i.e., keeping them identical within the pairs) to en-
sure that subjects were responding to initial differences instead of vowel or tone
differences. An effort also was made to keep vowels and tones consistent be-
tween pairs. Unfortunately, it was not possible to find minimal-pair cognate
words for some of the potential pairs, with a close match of vowels and tones.
These are marked 'omitted' in the last column. It was impossible to accomplish
this goal because Cantonese and Southern Min are two southern dialects, which
differ from each other quite a bit. There are only three tone values shared by the
two dialects: 11, 33, and 55. When we select stimuli from lists of words with the-
se three tone values and control for tone, we find that most cognate words in
Cantonese and Southern Min, based on the initial consonant pair, do not have the
same final elements (i.e., vowels or consonants). Because we present the stimuli
auditorially, without showing the characters to the subjects, some initial phoneme
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pairs occur with identical vowels and tones but the words do not share the same
meaning. That is why some pairs are given different characters in the second and
the third column.
The fourth column is marked 'No' for a pair when the sounds in Southern
Min (the target dialect) are not used in Cantonese (the source dialect). Those
sounds which do not exist in the Cantonese inventory are considered to be new
sounds to Cantonese-speaking people and these patterns belong to the second
category in (2 i). We hypothesize that our listeners will detect those sounds as
something new and process them uniquely. These pairs should also be judged to
have a shorter perceptual distance between pair members than patterns in the
third category in (2 ii). If listeners do not confuse new sounds with other sounds
in their own dialects, it should cause less confusion in communication. Therefore,
we assigned greater value to the pairs with these sorts of sounds than other non-
identical pairs, as explained in (1) and (2). The fifth column indicates whether the
pairs used as stimuli are minimal pairs or not. We intended to include only mini-
mal pairs as stimuli in the experiment but 33 of the 114 initial consonant pairs did
not have minimal pairs. Ten out of the 33 pairs of initial consonants constituted
partially minimal pairs, however, with differences only in the nasality of the
vowels. Because Cantonese does not have nasalized vowels, the nasality of vow-
els probably should have little effect on the perception of initial consonants. The
ten partial minimal pairs were included in the experiment as a pilot test. If no
partial minimal pairs could be found, the pairs of initial consonants are marked
'omitted' in the last column. No stimuli could be formed to test these pairs of ini-
tial consonants in the experiment.
(3) Cantonese vs. Southern Min
Pairs
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12. m-n ma22 % na33 % No
13. m-h mc55 £ ho55 «f
marj55 $ harj55 &
mok5 9H hok5 Jig.
Seven pairs of initial consonants, as in number 9 and 13, had more than one
pair of words tested in the experiment. Additional pairs were included as pilot
data to test the effect of change in the vowel or consonant endings. Because
sounds were presented in pairs in the experiment (first the word from one speaker,
then from the other), the slight difference in tone between the two speakers be-
came very obvious. These tone differences were perceptible to the third and the
fourth authors whose native language is not tonal. In pairing the sounds on the
computer, it appeared that words with the 55 tone had the largest range of differ-
ence. If they occurred in a natural speaking context, however, all the 55 variables
would be considered acceptable high level tones. Thus, quite a few words with 55
tones were recorded several times before being used in the experiment. As the
sounds were paired and played back on the PC computer with Pentium II 300
processor, 100 milliseconds of silence preceded the first sound and 450 millisec-
onds intervened between the two sounds in a pair.
2.3 Procedure
In total, 9 1 pairs of initial consonants were examined in this experiment, 7
of them containing more than one test item. One hundred initial pairs were pre-
sented to subjects for judgment of the perceptual distance between the two
sounds. All of the stimuli were recorded in a noise-proof booth with Sony recor-
der designed for laboratory recording. Judgments of distance were made on a 9-
point scale. All of the pairs were tested 4 times (*2 (Southern Min-Cantonese,
Cantonese-Southern Min) *2 (Similarity, Difference). Thus, each subject was
tested 400 test items. Subjects were randomly assigned to two groups. One group
made similarity judgments (the similarity test) first, while the other made differ-
ence judgements (the difference test) first. The reason to ask subjects to do the
experiment on two reversed scales (i.e., judging similarity versus difference) was
to make sure that subjects had a consistent criterion forjudging sounds instead of
assigning the values randomly. If subjects made judgments consistently, we ex-
pected there to be a strong negative correlation between the results of the two
tests. In the similarity test, subjects were given a 9-point scale from low to high
similarity. They were asked to choose a high value if the two given sounds tend
to be similar, and a lower value otherwise. In the difference test, the scale was
reversed. The higher value was to be given when two sounds were very different,
and a lower value when they were similar. In order to help subjects not to confuse
the end points and not to spend a long time figuring out what each end point rep-
resented, two colored balls were given at each end of the scale. Two identical
colored balls were given at the end point that indicated similar sounds, and two
different colored balls were given at the other end point referring to different
sounds. Some subjects did report that the balls helped them to respond faster. The
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screens shown to subjects are given in (4).
(4)
aide, number. Similarity
| ;:|: A Low 1 I I 3 ' 4 [ 4 [fTlj f | « :f j Hit
OEmsasmEaBHHSaHBBBH^^
Click a n.nnhr
DlITerenre
L.« 1 i 1 ; j 4 : 5 ! * 5 7 » . » | High
'-*
'
Since the one hundred stimuli were reversed once, to present each stimulus pair
in the opposite order, (SM-C versus C-SM), both the similarity and difference
tests had 200 test items. Before the actual testing started, there were 20 practice
items were selected randomly from the 200 test items and presented to subjects,
to familiarize them with the experimental procedure. Half of the practice items
were pairs with identical initial consonants such as 1^55 -^--kha55 8§p, and the
other half were pairs with different initial consonants such as wo55 ^-ho55 *%-.
Though the proportion of the pairs with same and different initial consonants in
the practice test is not the same as that in the actual experiment, presenting half
same and half different pairs to subjects avoided biasing to subjects use one end
of the scale more than the other. In addition, because practice items were selected
from stimuli appearing in the experiment, subjects were asked to count backward
from 100 by three to prevent rehearsal or memorization of the test items. Moreo-
ver, subjects were given a 10-minute break between the similarity and difference
tests to help reduce confusion of the first scale with the second.
Two people participated in the experiment to see if the procedures were
manageable. Since the program was modified after their participation, their re-
sults are not included here. Originally the plan was to include 20 subjects in the
experiment. However, results from some of the subjects indicated they were
having difficulty working with a numbered scale. Results from these subjects
yielded a fairly low negative correlation. Those who did not do well in the ex-
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periment often had a hard time counting backward or frequently made mistakes.
Thus, backward counting could be used in related experiments in the future to
fdter out those who are not gifted in managing numbers. Because results from 2
of the first 20 subjects could not be used, 22 subjects in total were asked to do
this experiment in order to obtain 20 valid sets of results. Both speakers and lis-
teners were paid $10 after their tasks were done.
3. Results and discussion
When we calculate mutual intelligibility, we divide the correspondence
patterns into three groups according to how much the patterns enhance communi-
cation as given in (2). Among the three problems mentioned earlier was the tem-
porary weighting of the categories in (2), due to a lack of available empirical re-
search to suggest appropriate values. We would like to examine this weight as-
signment in the next three sections based on the results we obtained in an investi-
gation of the perceptual distance between initial consonants in Cantonese and
Southern Min. The first section starts with the first category in (2 a) and deter-
mines what should be included in this category. The next section examines pairs
originally belonging to the two categories in (2 b) and redefines the criteria for
these two categories. The following section will discuss salient features that can
be used to explain different perceptual distances between sounds and to further
refine the calculation of mutual intelligibility.
3.1 Analysis on the identical pairs and pairs judged as similar as the
identical pairs
All of the valid results were tabulated in EXCEL and the results of the
similarity test were all converted to the scale used in difference test by subtract-
ing from 10. After the scale was converted, all of the results were averaged for
each stimulus item. Each stimulus item received a score averaged across 80 raw
data points (20 subjects * 2 orders (SM-C, C-SM) * 2 tests (similarity, differ-
ence)). The results are sorted according to the average value given by the 20
subjects, as shown in the third and sixth columns in (5). The lower the value, the
closer is the distance between the two sounds in a pair, as determined by the sub-
jects. On the left half of the page, the first column gives the stimuli, with Can-
tonese listed first and then Southern Min. The second column, S/D, refers to
'same' or 'different' initial consonants. The third column gives the average of the
80 raw data points. The three columns continue on the right half of the page.
(5) Results in the order of subjects' judgment
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Southern Min but not in Cantonese. Since the category of voiced stops, /g/, is
missing in Cantonese, the closest initial consonants to /g/ in Cantonese is Ikl,
which is different from /g/ only on voicing and is the closest option in terms of
voice onset time. An acoustical measurement done previously (Kuo 1997) sug-
gested that voiced stops in Southern Min have negative values of VOT, which are
very different from the other two groups, unaspirated and aspirated voiceless
stops, which have positive VOTs of differing length. In the absence of /g/, /k/ and
/g/ were considered to be the same by Cantonese-speaking listeners based on the
results obtained in this experiment.
Furthermore, among Chinese dialects Cantonese is the only Chinese dialect
that does not have dental affricates and fricatives, /ts, tsh, s/. It has /tf, tfh , J7 in-
stead. We suspect that /tj~, tfh , //are probably very similar to /ts, tf, s/ in some ways
and slightly different in other ways, so that these sets are transcribed differently.
In fact, Bauer & Benedict 1997 suggest that the affricates used in Cantonese
should be /ts, tsh/. Bauer & Benedict 1997 mention that /ts, tsh/ become palatalized
to /tf, tlh/ when they precede the high front vowel, l\:l and the front and central
rounded vowels, /y, ce, 0/. This should also apply to fricative III as well. We
would suggest that the highness of the following vowels contributes to the pala-
talization of the initial consonants. The close relationship between /ts, tsh, s/ and
/tf, tf
h
,
1 1 can be explained not only in terms of phonology, as suggested by Bauer
& Benedict 1997, but also in terms of cognate words they shared as we tabulate
their correspondence patterns. When we took Cantonese as the source dialect and
Southern Min as the target dialect, we found that the most frequent correspon-
dence patterns for the /tf, tlh , II set were cognate words that began with /ts, tsh, s/,
respectively. This indicates that these pairs of sounds share many cognate words,
that is, most of the words with /tj", tfh , II initial positions in Cantonese are pro-
nounced with /ts, tsh, s/ in Southern Min. The results from this perceptual experi-
ment suggest that /tf, tjh , 1 1 should be treated as allophones of /ts, tsh, s/ in Can-
tonese.
(ii) Semivowels versus vowels
Two corresponding patterns considered highly similar by subjects involved
two semivowels in Cantonese and the absence of an initial consonant in Southern
Min, as in /w-0/ and /j-0/. Most of the cognate words pronounced with the ini-
tial consonants /w/ and 1)1 in Cantonese start with /u/ and /i/, respectively, in
Southern Min. Therefore, when 82. /wa55 - ua55/ and 35. /ji55 - i55/ were pre-
sented to subjects, they judged those pairs highly similar. Consequently, though
the semivowels, /w, j/, are different from the vowels, In, i/, in terms of articula-
tion and position in a syllable (onset versus nucleus), subjects perceive them
nearly identical.
(iii) Loss of contrast
According to Bourgerie's 1990 sociolinguistic study of variation between /n/
and IV, the substitution of l\l for /n/ is highly correlated with gender and age of
the speaker. Most young and/or female Cantonese-speaking people do not distin-
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guish IV and Inf. In this experiment, although all the subjects were told that the
stimuli were pairs of sounds from Cantonese and Southern Min, they still did not
distinguish IV and In/. Instead, they judged the pair, /1-n/ highly similar. Thus,
phonological inventory and contrast in a listener's native language greatly influ-
ence the perception of another dialect or language. The effect of native language
or dialect can account for cases resulting from missing categories as discussed
earlier in 3. 1 (i) as well as loss of a contrast given here.
(iv) Nearly indistinguishable articulatorily and acoustically
The last correspondence pattern with different initial consonants judged
highly similar was /p
h
-h/ where /ph/ was in a word pronounced in Cantonese and
IhJ was pronounced in Southern Min. The similarity between these two sounds
could result from the similarity of shape of the vocal tract when producing them,
except for the closure and sudden release of lips for /ph/. Moreover, both /ph/ and
Ihl have low noise frequency. Consequently, they are nearly indistinguishable to
listeners with only the burst difference.
All the patterns with different initial consonants but judged as highly similar
(i.e., assigned values comparable to pairs with identical initial consonants) should
be grouped into the first category of Cheng's mutual intelligibility modal (1996,
1997). Though several factors are needed to explain why these patterns are given
fairly low values, most of the factors result from the effect of the listener's native
dialect. In brief, the first category of Cheng's modal needs to be expanded by in-
cluding the influence of the listener's native dialect. Although many of these pat-
terns were originally placed in the second category, not all patterns in the second
category should be reassigned to the first category. In addition, some patterns
from the third category may be judged as comparable to patterns with identical
pairs and should therefore be reassigned to the first category as well. Analysis of
non identical pairs will now be presented.
3.2 Analysis on Non Identical Pairs
The voiced stops lb, g/ and the dental affricates Its, tsh/, and alveolar frica-
tive Is/ appear in Southern Min but not in Cantonese. All the patterns containing
these sounds belong to Cheng's second category in (2 b i) and they are listed in
(6). The difference between the highest value and the lowest value within each
group is given in the last column called 'Difference.' If there is only one test item
in a group, no value of 'Difference' is given. Each group is separated with a
blank row.
(6) Results from the second category given in terms of groups
Corresponding Pairs S/D Avg. Difference
8. mok5bok5 3.3611 2.4167
9. mo55 bo55 5.7778
22. tan55 tsan5 6.6667
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.7500
28. than5 tshan
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(7) Results from the third category given in terms of groups
CORRESPONDING PAIRS S/D
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4.944435.ji55 0i55
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80. ha55 kha55 7.0278
5.750082. wa55 0ua55
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The results show that patterns in both categories are mingled together: In the data
displayed in (8), patterns from the second category do not necessarily rank above
patterns from the third category. Although patterns from the second category rank
near the top for half of the 10 groups displayed, for the other half patterns, the
second category rank near the middle or bottom. This suggests that some per-
ceptual features are salient and are probably more important to listeners when
judging similarity or difference of sounds than whether the corresponding sound
in the target dialect appears in the source dialect or not. It is assumed that the i
closer the two sounds are in a pattern, the more they contribute to communication.
"
In the next section, some features will be introduced and examined with respect
to the results to see which features might be perceptually salient and useful in
accounting for discrepancies of the distance of sounds.
3.3 Features Examination
Wang & Bilger 1973 found that voice, nasality, and probably rounding fea-
tures were the last remaining features used by English speaking listeners to dis-
criminate two sounds under distorted listening conditions, when speech was in-
creasingly masked by noise. These features are considered to be perceptually sa-
lient in distorted speech while other features are lost after masking noise is ap-
plied. Furthermore, Singh and his colleagues (Singh et al. 1973; Singh & Singh
1972) found that the feature 'sibilant', which differentiates /tf, d$, s, z, J, 3/ from
other consonants, is a salient perceptual feature for both English and Hindi. Dif-
ferent features could be more or less salient (i.e., have different weights) in dif-
ferent languages, however. Instead of adopting the results from previous studies
of other languages in the calculation of mutual intelligibility, we will examine all
the features based on the results of the experiment presented in this paper, so that
we can obtain the perceptual features that Chinese dialect-speakers apply in proc-
essing another dialect. In the table in Appendix 1, the first twelve features are
proposed by Chomsky & Halle 1968. The features of frication, duration and place
feature as labeled as PL1 were adopted from Miller & Nicely's 1955 study. Singh
& Black 1966 proposed one more place category (labeled as PL2) than Miller &
Nicely, while Wickelgren 1966 differentiated consonant place into five categories
(labeled as PL3).
After going through the results, the feature of 'voice' was modified as
'voice 2' (VOC2) by extending the categories from two categories to three. All
the initial consonants given as '0' in 'voice' (i.e., voiceless) remain as '0' except
voiceless unaspirated stops and affricates. Voiceless unaspirated stops and affri-
cates are assigned a value of T in 'voice 2'. All other initial consonants origi- |
nally assigned a T in 'voice' were changed to a value of '2' in 'voice 2'. The rea-
son for extending the category of 'voice' was that aspiration seems to have had
some influence on our results. There are several pairs of initial consonants in
Chinese dialects that are distinguished by aspiration, such as /p, p11 , t, th , ts, tsh, tf,
tl
h
,
k, kh/. However, from pilot analysis, it appeared that aspiration alone cannot
explain or predict the discrepancies we found in perceptual distance. In order to
accommodate this, a different approach is needed. Pairs of voiceless phonemes
distinguished by aspiration can also be differentiated by their voicing quality:
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Unaspirated ones have shorter VOTs while aspirated ones have longer VOTs.
However, voiceless unaspirated stops and affricates are not as loud in voicing as
voiced stops or other voiced initial consonants. Consequently, the distinction of
aspiration can be combined with the voicing distinction was done for the feature
of 'voice 2'.
In addition, differences among initial consonants in terms of their sonority
hierarchy are included in the last column of (11) called 'sonority'. Sonority was
originally used to describe the nature of syllable structure and to examine which
phonemes could serve as the nucleus of a syllable. Sonority in general refers to
the higher degree of voicing and stricture (Carr 1993). The sonority of sounds in
English is given in (9).
(9) Sonority Scale in English
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(11) Correlation between features and average value of subjects' response
feature vs SUBJ R
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independent factors and subjects' perceptual judgment was chosen as the depen-
dant factor in a stepwise multiple regression. If the value of F is set at 1.000 for
features to enter the equation and 0.500 for features to be excluded from the
equation, then all six features will be included in the equation. The results of the
stepwise multiple regression, and the features entered the equation, and the se-
quence in which they were entered are listed in (12). If the value of F is increased
up to 3.87, then only the first three features will enter the equation, in the order.
The earlier the feature entered the equation, the more important it is in predicting
the distance between two initial consonants.
(12) Results of the last step of the stepwise multiple regression
* *
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4. Anterior
5. Voicing
6. High
Y' = 4.44+.98*Strident+.23*Sonority+.80*Coronal+.37*Anterior+.32*Voicing+.39*High
(Y' refers to the predicted distance on a 9-point scale.)
Results of the stepwise multiple regression results show that all six of the features I
are important in predicting the distance between two initial consonants (F=9.3492,
Significant F=.0000< .05). The results also suggest that the feature 'strident' is
the most important factor in distinguishing different initial consonants in Chinese
dialects. This phenomenon is somewhat similar to what Singh and his colleagues
(Singh et al. 1973, Singh & Singh 1972) found for English and Hindi: The salient
feature 'sibilant' in English and Hindi differs from 'strident' for only one conso-
nant, If/. However, except for voicing findings for other features do not corrobo-
rate previous research. The significance of voicing is similar to the results
provided by Wang & Bilger 1973, although this feature was modified slightly in
the present study because some Chinese dialects, such as Southern Min, divide
voiceless stops into two categories instead of just one, as in English. The other
feature that was found significant in Wang & Bilger 1973 but did not enter the
equation in this experiment was 'nasal'. As a matter of fact, the feature 'nasal'
had a negative relation with subjects' judgment: -.0912. This implies that Chinese
listeners or at least Cantonese-speaking listeners do not use this feature to distin-
guish sounds. This may be explained by the mixture of /n/ and IV in several Chi-
nese dialects including modern Cantonese. Most female and young people tend to
use IV for /n/ (Bourgerie 1990). In fact, the frequency of initial nasal consonants,
/m, n, rj/, has been found to be comparatively lower than that of other consonants.
Moreover, the frequency of /n/ is lower than IV in both Cantonese and Southern
Min. Thus, the perceptual distance between /n/ and IV should be reduced and the
use of nasality to distinguish sounds should diminish as well. This indicates that
to some extent languages use features differently in perception
3.4 The Effect of Following Vowels and Final Consonants
Originally, it was planned that only one stimulus would be formed for each
phoneme in a corespondent pair between Cantonese and Southern Min. Never-
theless, because these two dialects are very different from each other and have
different co-occurrence constraints between initial consonants and following
vowels, it proved impossible to ensure that the following vowel or the final por-
tion of the syllable, including a final consonant, would be the same across all the
testing pairs. Although the vowel was controlled whenever possible, (as the
vowel /a/ or I'll for most pairs), five other vowels were needed to form cognate
pairs including lot, laV, /au/, lul and /hi/. The distribution of these seven vowels is
displayed in (13).
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(13) Distribution of pairs in terms of vowels
/a/ for 43 pairs / 100 pairs in total
l\l for 41 pairs / 100 pairs in total
/o/ for 8 pairs / 100 pairs in total
/u/ for 5 pairs / 100 pairs in total
/ai/ for 1 pair / 100 pairs in total
/au/ for 1 pair / 100 pairs in total
/iu/ for 1 pair / 100 pairs in total
According to Wang and Bilger (1973), and Singh and Black (1966), onset conso-
nants followed by F\l were more poorly discriminated by English-speaking listen-
ers than consonants followed by /a/. Perception of initial consonants seems to be
affected by the following vowel. Consequently, seven pairs were examined in a
pilot analysis. These particular phoneme pairs were tested with more than one
stimulus item in the experiment (i.e., they appeared in a set of two or three cog-
nate words, with varying vowels or consonantal offsets). The results are given in
(14).
(14) Phonemes pairs tested more than once
Stimuli
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14. tiu33 nis3
Kuo, Cheng, Bilger, Johnson: Perceptual Distance of Initial Consonants 125
(15) Modified model for quantification of mutual intelligibility
Signal Noise
For each item in a pattern, the target-dialect:
a. element is the same as that of the source dialect 1.00 -0.25
b. element is different from that of the source dialect:
i. and is perceptually highly similar to that of the source
dialect because of the effect of native dialect 1.00 -0.25
ii. and is perceptually different. Weights assigned
to these remaining patterns should depend on the
perceptual distance between the two sounds.
determined from equation
The equation in (12) is provided to function temporarily for calculating the dis-
tance between two sounds in a correspondence pattern. As mentioned earlier,
further more complete study is required to improve the equation so that it can
account for variation in the following vowel and final consonants.
REFERENCES
BAUER, Robert S., & Paul K. BENEDICT. 1997. Modem Cantonese Phonology.
Berlin: Mouton de Gruyter.
Beijing University Department of Chinese it%K^ t X % . 1962. Hanyu
FangyinZihui. •£&#% ^B.. lit'- X^&$-&)&fr.
—
. 1989. Hanyu Fangyin Zihui. fMM^-0-^M ($— KS., 2nd edition) . jb
BOURGERIE, Dana S. 1990. A quantitative study of sociolinguistics variation in
Cantonese. Ph. D. dissertation. The Ohio State University. Ann Arbor:
University Microfilms International.
BRADLOW, Ann R., David B. PlSONl, Rieko Akahane-Yamada, & Yoh'ichi
TOHKURA. 1997. Training Japanese listeners to identify English Ixl and IV:
IV. Some effects of perceptual learning on speech production. Journal of
the Acoustical Society ofAmerica. 101 :4. 2299-3 10.
CARR, Philip. 1993. Phonology. New York: St. Martin's Press.
126 Studies in the Linguistic Sciences 30:2 (Fall 2000)
Cheng, Chin-Chuan. 1992. Syllable-based dialect classification and mutual intelligibil-
ity. Chinese Languages and Linguistics I Chinese Dialects 145-77 Symposium
Series of the Institute of History and Philology, Taipei, Taiwan: Academia Sini-
caNo. 2.: 145-77
-,1994a. ;j|ti35rf *ii£#tf-£- tS&X. 238.35-43.
—
. 1994b. DOC: its birth and life. In Honor of William S-Y. Wang: Interdisciplinary
Studies on Language and Language Change, ed. by Matthew Chen & Ovidf
Tzeng, 71-86. Taipei, Taiwan: Pyramid Press.
—
. 1996. Quantifying dialect mutual intelligibility. New Horizons in Chinese Linguis-
tics, ed. by James Huang & Audrey Li, 269-92. Boston: Kluwer Academic Pub-
lishers.
—
. 1997. Measuring Relationship among Dialects: DOC and Related Resources. Com-
putational Linguistics & Chinese Language Processing, 2. 1 :41-72.
—
.
1999. Quantitative studies in Min dialects. Contemporary Studies on the Min Dia-
lects, ed. by Pang-Hsin Ting, 229-46. Journal of Chinese Linguistics Mono-
graph. No. 13.
—, & Shiun-Zu Kuo. 1999. Formulation of Sound Correspondence Patterns between
Southern Min and Cantonese. Proceedings of the 11 th North American Confer-
ence on Chinese Linguistics, compiled by Baozhang He & Wenze Hu, 1-10. East
Asian Language Programs, Harvard University.
CHOMSKY, Noam, & Morris HALLE. 1968. The Sound Pattern of English. New
York: Happer and Row.
FLEGE, James Emil. 1987. A critical period for learning to pronounce foreign
languages. Applied Linguistics. 8:162-77.
KUO, Shiun-Zu. 2001. A cross-dialect study of oral stops on Southern Min and
Cantonese: Acoustical measurements. Unpublished manuscript. University
of Illinois at Urbana-Champaign.
LENNEBERG, E. 1967. Biological Foundations ofLanguage. New York: Wiley.
i
LIVELY, S. E., J. D. LOGAN, & D. B. PlSONI. 1993. Training Japanese listeners to
identify English Ixl and l\l: II the role of phonetic environment and talker
variability in learning new perceptual categories. Journal ofthe Acoustical
Society ofAmerica. 94:1242-55.
LIVELY, S. E., D. B. PlSONI, R. A. YAMADA, Y. TOHKURA, & T YAMADA. 1994.
Training Japanese listeners to identify English Ixl and /!/: III. Long-term
Kuo, Cheng, Bilger, Johnson: Perceptual Distance of Initial Consonants 127
retention of new phonetic categories. Journal ofthe Acoustical Society of
America. 96.2076-87.
LOGAN, J. D., S. E. LIVELY, & D. B. PlSONI. 1991. Training Japanese Listeners to
identify English Ixl and IV: A first report. Journal ofthe Acoustical Society
ofAmerica. 89.874-86.
Miller, George A. & Patricia E. Nicely. 1954. An analysis of perceptual confu-
sions among some English consonants. The Journal of the Acoustical So-
ciety ofAmerica. 27:2.338-52.
OYAMA, S. 1979. The concept of the sensitive period in developmental studies.
Merrill-Palmer Quarterly. 25.83-102.
SINGH, S. & J. W. BLACK. 1966. Study of twenty-six intervocalic consonants as
spoken and recognized by four language groups. The Journal of the
Acoustical Society ofAmerica. 27.338-52.
SINGH, S., & K. SINGH. 1972. A search for the perceptual features of Hindi con-
sonants. Journal of the Acoustical Society ofAmerica. 89.2961-77.
SINGH, S., D. R. WOODS, & G. M. BECKER. 1973. Perceptual structure of 22 pre-
vocalic English consonants. Journal of the Acoustical Society ofAmerica.
52.1698-713.
SNOW, C. 1987. Relevance of the notion of a critical period to language acquisi-
tion. Sensitive Periods in Development, ed. by M. Bornstein, 183-210.
Hillsdale, NJ: Erlbaum.
Strange, W., & S. Dittmann. 1984. Effects of discrimination training on the
perception of Ixl-IV by Japanese adults learning English. Perceptual Psy-
chophysics. 36.131-45.
WANG, Marilyn D., & Robert C. BILGER. 1973. Consonant confusions in noise: A
study of perceptual features. The Journal of the Acoustical Society of
America. 54:5.1248-66.
WlCKELGREN. W. 1966. Distinctive features and errors in short-term memory for
English consonants. The Journal of the Acoustical Society of America.
39.388-98.
YAMADA, R. A. 1993. Effects of extended training on Ixl and IV identification by
native speakers of Japanese. Journal of the Acoustical Society ofAmerica.
93.2391 (A).
128 Studies in the Linguistic Sciences 30:2 (Fall 2000)
3 3 3 — OQ ?T SV "—
<
«p c.'" s§. 55" 's- rt ") CT-O T3 3
000000^-000000000000000 B'
o o
O O O O — _- o — ,— i_ _ h- >— *- i_t h- O O O O O O =•
>— OOOOOOOOOOOOOOOOOOOOO §
030>--00'--00'— i--'—-OOOOOOOOOOOO n.
o
oOO^ O O O >— OOO — h- h- h- i-- _- h— — O O O O §
oo>— — oo>— OOOOOOOOO
O h- ____-,— *_oOOOOOOOOOO>— OO «
z
0«— — — OOOOOOOOOOOOOOOOOO B
— OOO — — 1— OOO — 00>— O O O O — OOO 5
sf
o.C50000C30CD001— >— — 1— —' — OCJ—'OOO I
fa
cOOOO^ OOOOOOOOOOOOOOOOO i.
OOOOOOOOO O O —- O CD O
OOOOOOOOOO*— 00>-00000000
NWi-OO-^IOWW 0000 -
UJOJi— O O WtOWWWWWMMWtO^ >-- O O O O
J^. Ji. 1
—
'OOW>-*.A^(OWW(OWU)i-i—' O O O O
OOOOOOOOOO O O O CD O O
t-ooootoots_>ooo o o >— o o o 3
OtOMWWIOIONJOi-OO'-'OO'-O^OSJO
^0\0\o\ooooviw^to4^muAu\ui>-MAW'-'S)
Kuo, Cheng, Bilger, Johnson: Perceptual Distance of Initial Consonants 129
oi Tj-^-\OTr--oo- — f- — r~-(Nt^voot^~vor-~oooN\o<NOmr--
j, c> <^ m ^- — r~vo — vovo^ocN^ooo^om — r~-r,iot-->/->r<->-
o *o^o>/">o\ ,*i-t--c«-) — —i m •—'r~-\Of)Ovoo<^r4voooo\<Noo'rr
*§ ^r' «rii </> cnj r- «ri r~- *o \o vdi t*- t*> r--' </-i «n vb vb v> »/> vb r- in w-i \b t*»
c
(N — — _o — O — (N — O — — O O — O — O — O <N
P.OCNOCNOOOCN- — —. — — — O—' (N O O <N — CS <N O
IS* ooooooooooooooo — ooo — o — ooo
a.
oto-^oo — -rroo- '<i-'^'3-ocNOc<->0(NocNroor<i
<n OfiOc-iOO — mOO — mciciO —
.
— cNO — — — CN —i M
£ E
cd
S. —' OCNOCNOO — CNOO — CN<N(NOOO — OOOO — O —
O °-
°^ ooooooooooooooooooooooooo
§ Q
a)
£ u o —' O —'OOO — — — — — —-OO—' O O O — O —' —' O O
« [1.
« T3 ooooooooooooooooooooooooo
8 «§
c
H'C OOOOOOOO — — — — — — O — OOO — O — OOO
T3^ O — O — OOO — — — — — — OOO — OOO —' O —. — —
£ u
« g OOOO — — — — OOOOOOOOOOOOO — — OO
>
<U 5 oooo — o — — oooooooo — ooo — — — — o
° £ O — O — OOO — OOO — — — O — O — O — O — — O —
^
<
.. te OOOOOO — OOO — OOOOOO — OOOO — OO
«S (j
W
.is OOOOOOOOOOO — — OOOO — OOOOOOOO w
Z CD
Ld
JT j> O — O — OOO — OOOOO — OOOOOOOO — OO
X" o
-C OOOOOOOOOOO — — OO — O — O — O — OO —
60
a
<2 O — O — OOO — OOOOO — OOOOOOOO — O —
o
o
u OOOOOOOOOOOOOOOO — OOO — OO — o
mm !£ "O v~> o m •£ >n m
•a « * «
C c e e l/ > i? m = *- -• ' c->
i S m' * «S Q m £ £ * "3 H c* § .§ S'G^'i'Sr^.S^ 41 ^ ^ d ^ P S = « 'S Is 'G
r\ ro
_^* zL: _c *n m m> "*~^
a- ,^j=>n —
—
— mm ,~u >n*J -J'--J'' J-mimr2mmmmmmmm
u ^^^r^m^mmmmmmmr'-immf^mm em c c m mP^£g^m^edOinCmmmroeeECctf(53CTjCCru! c
q Q. Q- Q- Q- C C
.e .O — ^m^or-ooov- CNTmvoooONOfNo^O
o. (N r*i ^r \D r- O — — — — — — — — (NCNCSCNCsc-JCNr^r^mf^
130 Studies in the Linguistic Sciences 30:2 (Fall 2000)
^ ^ ^ =1 =1 =1 =! ^ ^ =1 =1 ^ ^ ^ ^ ^ ^ ^ - : - : - : - : - : - : - : - : - :
il'sagSggSligiSgSgita-a-ggB-aa S g
*
ooooo — oooooo — ooooooooo — oooo
OOO — OOOOOOOOOOOOOOO — — — — — — ~- —
_- — — »-0—'OOO — — o — ooo — — — ooo — ooo-
ooo— oooooooooooooo— oooooooo
oooo — oooooo — ooooooo — — — ooooo
OO — — — OOOOOO — OOOOOOOOOO — — — — —
^- ^- ^- o o — ooo — — O — OOO — — OOOO — O O O —
OOOOO — OOOOOO — OOOOO — O — — O — — — —
ooooooooooooooooooooooooooo
— _>-4^0- — ooooo — — ooooo — — — oo — — —
*- h- _ _> _ _ OOO — — — — OOO — — ooooo — — — o
ooooooooooooooooooooooooooo
^-^-h-o — — OOO — — — — OOO — — — oooo — — — o
^^-„-ooo — OOOOOO — OOOOOOOOO — OOO
oo — — — OOOOOO — OOOOOO — — — — ooooo
— — to — — OOOO — — — OOOO — — — — — — OOOO —
— — to — — K) — OOlOtO — to — OOtOtO — — — — to — O O to
h- — — — — — OOO — — — — OOO — — ooooo — — — o
_ _ _ _ - i— OOO — — — — ooo — — tooooto — — — o
o — — ootooo — o — o — — — o — otooto — ototo — to
i« ni w w ^ u b ^ w w m ^ 6 w ^ b ^ ^ in M u> b >o vi ji i» bo
-UO~J~J--0- tO-0~JU)OO^n- iOOOUiOOVO^w- 4^-Cyi- — -o.M00inuiM\OvlWl/iW00NU\\OslWWO\v|Mi/iWAWtt\OUi
-jujooto.fe.ootoou>u>ooo\-&.tou>oo — Nvio\vo*vooao
Kuo, Cheng, Bilger, Johnson: Perceptual Distance of Initial Consonants 131
ONCNf^fS^OmOOOrot-^OOOO^-OOOCSf^'Oror^cNCNON'^-OTl-as
r^r^oor-~ornot--oo-^r--r~-\or~-o<Nooinoor<-ir-~t---rn'^-iriONOO
vocNinONrnooinr^o^r^(Nr<">cNin<NOininoo'<i-ONvoaNcNNOoo
^-^-OCiOO — — (N — mr<-><Nc">in — NOr--mTj-0 ,<1-- cNCN — tJ-
— OOcNOO — — — — OO — OOO — C-IOCNO — OOO — —
o

